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Despile many years of study, the basic seasonal dynamics and life-history parameters, such 
as longevity and generation lime. still remain poorly understood for many penacid prawns. 
Even in the better known commercially important species, considerable controversy still 
exists ag to whether the generation lime is one year or six months. This confusion appears 
(0 drise mainly from the extreme variability seen both between species and Within species 
in the seasonal dynamics of migrations, growth and abundance which underlies the seasonal 
cycles of Spawning and recruitment at the population level, These in turn have been 
modified, in many cases, by the impact of fishing, making comparisons of natural cycles 
extremely difficult. In an allempt to understand this variability, trends in the timing of the 
main life history events were related to factors which change with increasing latitude (and 
depth), An equatorial pattern of two generations per year provides the basis for (he 
description of many of the variants seen throughout each species range. Farther from the 
equator, one or other of the generations tends to dominate, resulting in what is essentially 
4 one year generation time, In more temperate waters, most penaeids become strictly annual 
with one spawning period and one recruitment period euch year. A study of (hese changes 
With latitude in Penaeus mergudensis is used as an example to demonstrate these latitudinal 
differences. 1) Penaeids, reerutment, life history, Inde- West Pacific. 
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The world9s yield of penacid prawns is now in 
excess of 700,000 tons (Garcia, 1988) and forms 
one of the world9s most valuable fisheries, 
Despite this important position, the outlook for 
the fishery as a whole is not good. The high price 
of prawns on the export market during the 1970s. 
and 1980s has stimulated rapid development 
with inadequate controls. This has lead to exces- 
sive fishing effort, over capitalisation, excessive 
production costs and in some cases depleted 
stocks. Because many of these fisheries operate 
in developing countries, reliable stock assess- 
ments are few but those available have indicated 
that the stocks are overexploited resulting in less. 
than optimal returns for the effort expended in 
their capture. Growth overfishing (capture of 
individuals at size too small to produce the opti- 
mal yield) is common and despite carlicr us- 
sumptions concerning the resilience of prawn 
stocks to fishing pressure, recruitment overfish- 
ing (fishing effort at a level which will depress 
future spawning stocks and recruitment) has also 
been detected in several stocks (Penn and Caputi, 
1985). Management measures addressing these 
problems include the limitation of fishing in 
space and time (area and seasonal closures) and 

limitation of effort through input controls. Both 
the detection of overfishing and subsequent re- 
medial action require detailed knowledge of the 
dynamics of the prawn's life history in terms of 
the distribution of the different life-history 
stages in both space and time. This information 
is not readily available for many of the world9s 
prawn stocks, 
The basic life cycle of penaeid prawns appears 

to be relatively uniform across the family; all 
shed eggs directly into the water column, pass 
through a relatively short larval life consisting of 
three stages (nauplius, protozoea, and mysis), 
and develop through postlarval, juvenile, sub- 
adult and adult stages. In contrast, the spatial and 
temporal distribution of these stages is extremely 
variable. Although many of the more commer- 
cially important species spawn at sca and spend 
their postlarval and juvenile stages in estuarine 
and nearshore coastal waters, there is a broad 
continuum of cycles ranging from species which 
are entirely estuarine to those which are entirely 
marine (Kutkuhn, 1966; Dall ef al., 1990). The 
temporal variability appears to be even grealer. 

In this paper I will concentrate on the temporal 
dynamics of penaeid life histories, starting with 
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a detailed examination of one species (Penaeus 
merguiensis) in Australia, moving on to a com- 
parison of life history patterns of other species 
throughout the world and finally give a brief 
account of a comparative study on the seasonal- 
ity of (P. merguiensis) across the Indo-West 
Pacific, In this way, I hope to provide an assess- 
meni of the current knowledge of penaeid life 
histories as well as future research needed in this 
field. 

PENAEUS MERGUIENSIS IN AUSTRALIA 

Munro (1975) provided the first detailed ac- 
count of the life history of P. merguiensis in the 
Gulf of Carpentaria, Australia, based on field 
sampling of adult prawns in the south eastern 
Gulf and juveniles in one of the adjacent man- 
grove estuaries. Because Munro observed 
spawning and immigration of postlarvae to occur 
only in spring, he concluded that the cycle was 
essentially annual. In a more detailed analysis of 
P. merguiensis from a range of locations, Staples 
(1979) showed that a simple annual cycle as 
suggested by Munro, could not explain the rather 
complex geographical differences in the sea- 
sonal timing of postlarval and juvenile prawns 
that occurred in different areas of the Gulf. Four 
areas in the Gulf, each characterised by its own 
pattern of seasonality were recognised and it was 
suggested that these geographical differences 
could be explained on the basis of semi-annual 
cycle of spawning, with peaks in spring and 
autumn. This pattern of spawning was later con- 
firmed by Crocos and Kerr (1983). Geographical 
differences in the differential survival of these 
generations in different areas of the Gulf sug- 
gested that the life cycle in the north was domi- 
nated by the survival through to juveniles of the 
autumn spawning whereas the life cycle in south 
was more influenced by the higher survival of 
the spring generation. A further complicating 
factor was that juvenile P. merguiensis emigrate 
out of the estuary to offshore waters mainly 
during periods of rain (Staples and Vance, 1986) 
and because rainfall is extremely seasonal in the 
Gulf of Carpentaria (only one wet season each 
year) only one pulse of prawns recruit each year 
into offshore waters. 
Based on more recent evidence the life history 

pattern was reviewed by Rothlisberg er al. (1985). 
In the southern Gulf, larvae from the spring 
spawning period reach the estuaries as post- 
larvae 2-3 weeks after hatching and spend 2-4 
months as juveniles before emigrating offshore 
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during the summer wet season. After approxi- 
mately 2 months migration offshore, subadult 
prawns recruit into the offshore fishery (4-7 
months old) and form the basis of the autumn 
fishery. A proportion of these young recruits 
become sexually mature and spawn giving rise 
to the autumn larvae. Most of these larvae never 
reach the estuarine nursery areas (Rothlisberg et 
al., 1983) and it is the prawns which escape the 
autumn fishery and survive through to the next 
spring which provide the spawning stock to re- 
peat the cycle (Fig. 1). In the north the spring 
component of the cycle is similar but many more 
larvae produced from the autumn spawning re- 
cruit into the estuaries. More recent information 
on the seasonal distribution of postlarvae in the 
northern areas, suggests that the strength of the 
spring generation of postlarvae and juveniles 
may have been underestimated in previous stu- 
dies (Vance et al., 1990) but the general conclu- 
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FIG. 1, Seasonal dynamics in the abundance of the 
main life-history stages of Penaeus merguiensis in 
the southeast Gulf of Carpentaria (from Rothlisberg 
etal., 1985). 
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sions have remained unchanged. Because of the 
unimodal rainfall pattern and offshore recruit- 
ment, autumn juveniles contribute less to the 
offshore fishery than those from the spring 
generation (Fig. 2). 

Rothlisberg et al. (1985) suggest that the life 
history seen in the Gulf was derived from a basic 
pattern of two equal spring and autumn popula- 
tions, each contributing to the next generation 6 
months later with some survivors of this group 
contributing again in 12 months, i.e. two inter- 
locking cycles of 6 and 12 months. This implies 
two wet seasons per year and two periods of 
offshore recruitment, Another notable feature of 
P. merguiensis in the Gulf is the mismatch be- 
tween the size of the spawning population and 
the size of its contribution to the next generation. 
This is especially apparent in the southern Gulf 
where the extremely small spring population of 
females gives rise to the large number of post- 
larvae and the subsequent offshore fishery. Gar- 
cia (1988) has argued that because of the 
extremely heavy exploitation of P. merguiensis, 
(approximately 80% of the population is caught 
in the 2 months following recruitment (Lucas ef 
al,, 1979), this represents a severe distortion of 
the basic life cycle, and without fishing the 
Spring spawning would constitute the main re- 
productive input. 
Because the life history of P. merguiensis is 

composed of two interlocking cycles with peri- 
ods of 6 months and 12 months, there has been 
some controversy in the literature about the 
generation time for this species and penaeids in 
general. At an individual Jevel, generation time 
is defined as the time between egg and first 
spawning is 6 months, At the population level, 
Garcia (1988) argues that the gencration time 
should be defined as the time between the aver- 
age date of birth of the main generation and the 
average date of birth of the main group of off- 
spring from the generation. Using this definition, 
the main generation in the Gull is obviously the 
spting generation and the generation time is 12 
months, 

REVIEW OF WORLD LIFE HISTORY 
PATTERNS 

The life span of most coastal penaeids is be- 
jween | and 2 years in the tropics but is probably 
longer in temperate waters. The length of time 
spent in the different life history stages is a 
function of the growth rate. Environmental fac- 
tors such as temperature that vary with season, 
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FIG. 2, Seasonal dynamics in the abundance of the 
main life-histary stages of Penaeus merguiensis in 
Albatross Bay, northeast Gulf of Carpentaria (from 
Rothlisberg et.al, 1985), 

latitude and depth, therefore, also contro) the 
time to first maturity, and consequently the 
genetation time_ Latitudinal trends reflecting 
changes in temperature and rainfall patterns, 
therefore, are extremely important in consider- 
ing penaeid life history patterns. Similar trends 
in life-history parameters will also occur with 
changes in depth. In an attempt to standardise for 
these effects, | will consider the three latitudinal 
zones: equatorial (+5", tropical/subtropical (54 
25°) and temperate (>25°), recognising that this 
is a oversimplification and will not account for 
areas influenced by local events such as upwel- 
lings. However, despite these local events, the 
classification does assist in the interpretation of 
observed life-history patterns. 

EQUATORIAL PATTERN 

Little information is available on penaeids in 
equatorial regions. However, close to the equa- 
tor, individual prawns appear to be capable of 
spawning all year round (Hall, 1962), although 
seasonal cycles in abundance in prawns Will 
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FIG. 3. Schematic life histories of equatorial penaeid prawns, A, alternation of annual generations. B, 
interlocking six-monthly and yearly generations (from Dall er al., 1990). 

result in seasonal spawning activity at the popu- 
lation level (Garcia, }977). Population cycles are 
affected by seasonal rainfall, often associated 
with seasonal monsoons or seasonal temperature 
changes brought about by the seasonal shifts in 
the winds, especially in localities clase to conti- 
nental land masses. At the population level, this 
appears to result in two main periods of increased 
spawning in each year, even in populations close 
to the equator (Hall, 1962; Pauly et al., 1984; 
Staples and Rothlisberg, 1990). These periods of 
increased spawning tend to occur during the 
intermonsoonal months of September 4 Novem- 
ber and March 4 May, periods characterised by 
decreased winds and currents. By analogy with 
temperate regions, these periods will be called 
spring and autumn. 

Hall (1962), suggested that this bimodal pat- 
tern of spawning was maintained by an alterna- 
tion of the generations in which the generation 
time is one year; the spring generation gives rise 
to the spring generation of the following year and 
the same for the autumn generation (Fig. 3A), It 
must be stressed that this interpretation of 
penaeid life histories is based on an assumption 
that it took the main species observed, Mera- 
penaeus moyebi, one year to reach maturity. We 
know from the work of Crocos and Kerr (1983) 

thal Penaeus merguiensis can mature in 6 
months in a sub-tropical area, and a more likely 
interpretation is that the equatorial penaeids ex- 
hibit combinations of 6-monthly and 12-monthly 
cycles aS suggested as a basic scheme for P, 
merguiensis by Rothlisberg et al, (1985). This 
concept has been extended to produce hypothe- 
tical scheme for an equatorial pattern which has 
equal contributions from both the 6-monthly and 
12-monthly cycles (Fig. 3B). Obviously more re- 
search on equatorial populations is required includ- 
ing more information on the size and age of first 
maturity and the proportion of the two generations 
which mature and spawn within their first 6 months 
of life. The next section of this paper describes a 
study in the Indo-West Pacific aimed at providing 
some of this information. 
The hypothetical equatorial pattern, although 

substantiated with few data at this time, does 
serve as a useful conceptual model for discussing 
other latitudinal patterns. All of the patterns seen 
in both the tropical and temperate regions can be 
derived by the removal or modification of appro- 
priate links, 

TROPICAL/SUBTROPICAL PATTERN 
Bimodal spawning and recruitment are also 

extremely common in the slightly higher latitudes, 
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FIG. 4. Schematic life histories of tropical and temperate penaeids. A, 8typical9 tropical Penaeus pattern (after 
Garcia, 1985). B, Penaeus merguiensis in southeast Gulf of Carpentaria (after Rothlisberg et al., 1985). C, 
temperate pattern with summer spawning (from Dall et al., 1990). 

but in contrast with the equatorial pattern, it 
appears that seasonal rainfall and lower winter 
temperature results in either the spring or autumn 
generation being dominant in the offshore phase. 
Penaeus merguiensis in Gulf of Carpentaria fits 
into this pattern but is rather extreme in its asym- 
metry (Fig. 4B). Other examples include P. notialis 
in Senegal (Garcia, 1977; Lhomme and Garcia, 

1984), P. semisulcatus and M. affinis in Kuwait 
(Mathews et al., 1987), P. semisulcatus in northern 
Australia (Crocos, 1987; Somers, 1987), P. indicus 
in Madagascar (Le Reste, 1971, 1978; Le Reste and 
Marcille, 1976) and M. dobsoni, P. indicus and 

Parapenaeopsis stylifera in India (Kurup and Rao, 
1975), P. notialis and P. schmitti in Cuba (Perez et 

al., 1984a, b). Bimodal postlarval recruitment pat- 
terns have been recorded for P. merguiensis, P. 
japonicus, P.semisulcatus and P. monodon in the 
Philippines (Motoh, 1981) and P. japonicus in 
Natal (Forbes and Benfield, 1986), in Japan (Mito, 
1972) and in Korea (Pyen, 1974). Similarly, sea- 
sonal postlarval patterns of M. brevicornis, M. 
dobsoni, M. monoceros, P. monodon, P. semisul- 

catus, and P. indicus have been reported for several 
estuaries along the coast of India. A summary of 
these presented by Babu and Babu (1987) shows 
that despite considerable local variability, all spe- 
cies show two peaks of increased postlarval abun- 
dance within the year in most locations. Bimodal 
recruitment into offshore fisheries which link to 



the bimodal pattern of postlarval abundance in 
India has also been reported by several authors 
(Kurup and Rao, 1975). 

Pérez Farfante (1969). provides a comprehen- 
sive summary of the life history of several west- 
ern Atlantic species, In the tropical/subtropical 
regions, P. aztecus, P. duorarum and P. setiferus 
are known [g have both spring and autumn 
generations. This fact has caused considerable 
confusion in earlier interpretations of Gulf of 
Mexico prawn life histories. For example. Bax: 
ter and Renfro (1967) reported that the postlarval 
peak in abundance was 6 months out of phase 
with the peak of larval abundance observed by 
8Temple and Fischer (1967). On the basis of this 
mismatch, Temple and Fischer suggested that P. 
aztecus must overwinter in the postlarval stage. A 
more likely interpretation is that one group of 
workers had observed the spring generation while 
the other had observed the autumn generation. 
Because a life history pattern with dispropor- 

tionate spring and autumn generations appears to 
be common in the tropics, Garcia (1985) sug- 
gested that this was the typical pattern for the 
genus Penaeus as a whole (Fig. 4A). In this 
scheme he describes a large spring spawning 
peak whictr produces a strong spring generation 
which reeruits into the adult population the fol- 
lowing autumn and spawns again the following 
spring to give a generation time of J year for lhis 
main generation. A small proportion of the new 
FeCrusts Spawn in autumn giving rise to a small 
more intermittent autumn generation (Fig. 4A), 
Garcia, in proposing this model accepted that it 
may be an Gversimplification but that it provided 
a stimulus for discussion, The literature shows 
that several Penaeus species do not fit the Garcia 
model. P. merguiersis , for example, although 
having an apparently overall patlern, differs in 
one important point (compare Fig. 4A and 4B). 
The proportion of prawns spawning during 
autumn is much greater and as a result the 
gutumn spawning becomes the major event, 
Several other studies have also reported that this 
is the case, including P. senmisulcaius and M. 
affinis in, Kuwait (Mathews er al, 1987), P, 
notialis in north Senegal (Lhomme and Garcia. 
1984), P. notialis and P. schmitiiin Cuba (Perez 
etal., 1984 a, bj. Gareia, bowever, argues that 
spring phytoplankton blooms are 4 globsl occur- 
rence and as a tesult of increased larval food at 
this time, natural selection would favour a larger 
spring spawning biomass. Because all the ex- 
amples given above arc heavily fished stocks, he 
suggests that in {hese cases. the spring spawning 
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population may have been severely reduced asa 
result of fishing the autumn recruits and the 
populations do not truly reflect the pre-fishing 
situation, More research on the seasonal dynam- 
ies of phytoplankton throughout the tropics 
would help resalve this debate. 

TEMPERATE PATTERN 
The influence af temperature on the life history 

dynamics becomes much more obvious further 
from the equator, There is a trend for the bimodal 
spawning pattern seen in many species in the 
tropics ta become unimodal in temperate lati- 
tudes, This is usually associated with one well- 
defined period of recruitment into the offshore 
fishery each year and the species becomes truly 
annual witha generation time of 1 year (Fig. 4C), 
In many species the spawning season shifts to the 
summer period when temperatures are similar to 
those experienced during the spring or autumn 
in more tropical areas of the species distribu- 
tions. Reported examples of this trend oecur in 
both P, aztecus and P. duerarum in the western 
Atlantic. Penaeus aztecus spawns both in spring 
and autumn in Florida Bay, but there as only 
summer spawning further north along the 
Carolina coast (Pérez Farfante, 1969), Penaeus 
Japonicus is another species with wide geo- 
graphic range which shows a Strong geographi- 
cal irend in its Jife history dynamics. Spawning 
is bimodal over much of its range (as described 
above) but is confined to the summer months in 
the Mediterranean (Tom and Lewinsohn, 1983), 
in Japan (Hudinaga, 1942) and in Korea (Lee and 
Lee, 1970). In Australia, P. latisnicatus has all 
year-round spawning with two peaks in northern 
regions, Which becomes reduced to a single peak 
in southern Australia (Penn, 1980). Penaeus 
merguiensis, although exhibiting bimodal 
spawning over most of its range, is unimodal in 
the south China Sea with a peak of spawning in 
spring (Liu, 1986). 

Several species with geographical ranges re- 
stricted to the ternperate zone also have spawn- 
ing seasons restricted to one period each year. 
Penaeus setiferus shows a unimodal pattern over 
ils entire range. In the Pohai Sea (37° 445°N}, P, 
chinensis [= orientalis] exhibits an extreme 
adaptation lo a cool temperate climate (Chang 
Cheng, 1984). Adults spawn in shallow water in 
early spring at 13°C and juveniles begin leaving 
the nursery grounds of the Pohai Sea in summer 
and migrate into deeper waters, where after over- 
wintering offshore they return to ihe Pohai Sea 
as mature adults. to spawn. In some other cases, 
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prawns spawn in late summer or autumn and it 
a the juvenile stage which overwinters in the 
nursery grounds. e.g, P, plebejus, Ruello, 1975; 
MW. macleays, Glaister, 1978; M. bennevee. Coles 
and Greenwood, 1983, 
As expected, several penacid species have 

been shown to have depth related changes in 
their life history which parallel those seen in 
changes with latitude. Penaeus aztecus, in the 
Gulf of Mexico, spawns from spring to early 
winter at 27m depth, with a period of greatest 
activity from October-December and a smaller 
peak from March-May. At greater depths. 
spawning is more or less continuous (Cook and 
Lindner, 1970). 

PENAEUS MERGUIENSIS IN THE 
INDO-WEST PACIFIC 

As seen from the above review several issues 
require further research. These include: 

1. Does the hypothetical life history pattern of 
interlocking 6-monthly and 12-monthly cycles 
exist in (he equatorial region? 

2. Can the life history pattern of penacids 
throughout their range be derived from this hy- 
pothetical model? 
3. In tropical penaeids, is the seasonality of 

spawning adapted to the seasonality of phyto- 
plankton production where the spring spawning 
event is the main spawning season as suggested 
hy Garcia (1985)? 

4. Asa resultof 3, is the generation time always 
one year (defined as the average date of birth of 
the main generation and the average date of birth 
of the offspring from this generation)? 

5. What other environmental factors are re- 
sponsible for the variability in life-history pat- 
terns seen across a species geographical range? 

{nan attempt to answer [hese questions and to 
provide a better management-orientated re- 
search programme for several countries across 
the Indo-West Pacific region, the Penacid Re- 
cruitment Program (PREP) was established in 
1988 under the auspices of the Intergovernmen- 
tal Occanographic Commission (1OC) and the 
United Nations Food and Agriculture Organisa- 
tion (FAQ). By selecting study sites in 6 coun- 
tries (Philippines, Thailand, Malaysia, 
Indonesia, Papua New Guinea and Australia) the 
life history dynamics of Penaeus merguiensis 
cun be compared across a range of latitudes, 
climatic regimes and fishing activities. Addi- 
tional sites in Brunei, Darussalam and Peoples 
Republic of China are soon to be included_Inall 

~ 

siles, we are attempting to collect data on the 
seasonal abundance of the major life history 
stages of P. merguiensis and then lo compare 
(hen across the region. 
A full deseription of the study has been pub- 

lished by Staples and Rothlisberg (1990). 
Spawning follows a bimodal pattern in most 
countries (not all countries are able to collect 
spawning data) during periods roughly coincid- 
ing with the (@mperate spring and autumn sea- 
sons. Most data for subadult and adult prawns 
come fram commercial catch sampling and al- 
though many other interpretations are possible, 
iL is assumed al this stage that these show sea- 
sonal trends in abundance and hence reflect re- 
cruitment into the offshore area (Fig. 5). Close 
to the equator at the Malaysian site the catch per 
unit effort (CPUB) is high in all months with 
higher catch rates being recorded from Mareh4 
May and from September4December (Fig. 5C). 
Further frorn the equator at the Indonesian and 
Thailand sites, recruitment becomes more asym 
metrical with the Septermber-December peak 
dominating, In Papua New Guinea, asymmetry 
also occurs but the peak is in April4July. At 
higher latitudes, in (he Philippines and Australia, 
rectuitment into the offshore fishery resulted in 
one major peak in catch rate from October4 
January in the Philippines and from February4 
April in Australia. 
To date, the programme has demonstrated a 

clear latitudinal trend from a bimodal recruit- 
ment pattern near the equator to an unimodal 
pattern at higher latitudes, There is also general 
agreement in the timing of recruitment peaks 
across the region. Unlike the 8typical9 pattern of 
the genus Penaeus, however, the autumn recruit: 
ment is not always dominant. An interesting 
example is that of Indonesia and PNG where 
although both sites are situated on 8°S, the pewks 
in recruitment are several months out of phase. 
Becausé of the strong correlation between the 
timing of rainfall and the emigration of juvenile 
prawns out of the estuary (Staples and Vance, 
1986) in Australia, the seasonal timing of rainfall 
in the six sites was examined to determine 
whether this factor alone could account for the 
variability in the pattern of recruitment seen 
across the region. In general, the seasonal patlern 
in the CPUE closely followed the seasonal pat- 
tern of rainfall in all sites (Figs 5, 6). Australia is 
the extreme example where the one distinct wet 
season forces an extremely distinct seasonal 
pulse in recruitment, In the Indonesian and PNG 
cases, the phase shift in the recruitment timing 
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also appears to be related to the phase shift in 
rainfall, with a September4December peak in 
rainfall in the Indonesian site and a May4July 
peak in PNG. 

In Fig, 7A, the hypothetical equatorial pattern 
is represented by a bar diagram which joins the 
two main generations from their time of spawn- 
ing to their time of recruitment into the offshore 
region 6 months later. Superimposed on these 
progressions is a bimodal seasonality of rainfall 
which coincides with the periods of spawning 
and subsequent recruitment. Of the 6 PREP 
study sites, the Malaysian site is the closest rep- 
resentative to the hypothetical equatorial situa- 
tion. Unfortunately, we do not have spawning 
data yet, but juveniles and adults appear to 
closely follow the hypothetical pattern with a 
bimodal recruitment pattern coinciding with the 
two wet seasons. In Indonesia and Thailand, a 
marked asymmetry in both rainfall and recruit- 
ment occurs. In both these localities, tracing the 
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two recruitment pulses back to their spawning 
origins, shows that in both cases the main recruit- 
ment event (spring in Indonesia and autumn in 
Thailand) originated from the smaller of the two 
spawning peaks (shown as narrow bars in Fig. 
7C, E). In Australia and the Philippines, with 
only one main wet season, one generation Is lost 
almost entirely from the population. 
From these preliminary results we can start to 

answer the questions posed above. It would ap- 
pear that the different life history patterns seen 
in P, merguiensis across the Indo-West Pacific 
can be derived from modifications of the hy- 
pothetical equatorial scheme. It would also ap- 
pear that the hypothetical pattern can be found 
close to the equator in areas experiencing two 
equal wet seasons each year such as that ob- 
served in west Malaysia. More research is 
needed to establish whether the two generations 
show a true aliernation of generations as sug- 
gested by Hall (1962), or whether the pattern is 
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FIG, 5. Seasonal distribution of catch per unit effort (CPUE) of Penaeus merguiensis from six localities across 
the Indo-West Pacific (from Staples and Rothlisberg, 1990). 
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FIG. 6, Seasonal distribution of rainfall at six localities across the Indo-West Pacific (from Staples and 

Rathlisberg, 1990). 

an interlocking of 6-monthly and 12-monthly 
cycles. Based on the Australian results | suggest 
that the latter is most likely. Without seasonal 
phytoplankton results it is also not possible to 
determine whether the seasonal spawning dy- 
namics is in phase with phytoplankton biomass 
as suggested by Garcia (1988). However, from 
the limited data available it does seem likely that 
the major spawning can occur in either spring or 
autumn. An obvious reason for the shift is that 
for P. merguiensis the spawning intensity al the 
population level is greatest at the time of maxi- 
mum recruitment (large number of small ripe 
females). This appears to be true in both Thai- 
land and Indonesia, for example, the main 
spawning season (spring and aulumn, respec- 
tively) occurs during the time of major recruil- 
ment, this event itself being under the influence 
of rainfall. A testable hypothesis is that the major 

spawning occurs during or following the major 
Wet season (as a result of major recruitment). 
This may also link with increased phytoplankton 
productivity, but not necessarily a spring bloom. 

CONCLUSIONS 

1. Penaeus merguiensis in Australia exhibits a 
rather unusual life history pattern with two 
spawning seasons each year, but the main 
generation of prawns in autumn arising from a 
rather minor peak of spawning in spring. In some 
areas of the Gulf of Carpentaria, offspring from 
the large autumn spawning do not contribute 
significantly to the subsequent offshore popula- 
tion because of high larval and postlarval mor- 
tality. 

2. There are many examples of bimodal 
spawning within the year in tropical penaeids, 
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FIG. 7. Seasonal life-history dynamics of Penaeus 
merguiensis as indicated by the cycles of abundance 
of the main life history stages from five sites across 
the Indo-west Pacific shown together with a hy- 
pothetical equatorial pattern. Light and heavy shaded 
areas denote minor and major wet seasons (from 
Staples and Rothlisberg, 1990). 

and in many cases a disproportionate survival 
produces one main and one subsidiary genera- 
tion (it can be either spring or autumn, but com- 
monly spring). In these cases, description of the 
generation time is difficult and depends largely 
on the definition used. 

3. Itis hypothesised that all these asymmetrical 
life history patterns are derived from asymmetri- 
cal equatorial pattern where both generations 
interlock in 6-monthly and 12-monthly cycles. 

4, In higher latitudes, the bimodal spawning 
pattern becomes reduced to a single spawning 
season and the generation time is definitely one 
year. 

MEMOIRS OF THE QUEENSLAND MUSEUM 

5. By comparing the life history dynamics of 
P, merguiensis across the Indo-West Pacific, the 
derivation of the many variants seen in local 
life-history patterns can be derived from the 
hypothetical equatorial scheme. 

6. Further research on the factors affecting 
recruitment strength and timing is needed across 
a broad geographic range before the basic life 
history dynamics of penaeids is fully understood. 

ACKNOWLEDGEMENTS 

This paper represents the work of many scien- 
tists. In particular, | thank Peter Rothlisberg and 
Peter Crocos, CSIRO, Cleveland, Australia for 
the use of their data to complete the description 
of the dynamics of Penaeus merguiensis in 
Australia. The collaboration and assistance of 
scientists in the Philippines, Thailand, Malaysia, 
Indonesia and Papua New Guinea is also grate- 
fully acknowledged. A large part of the 
Australian studies were supported by the Fisher- 
ies Industry Research and Development Council 
and the southeast Asian collaborative program 
was carried out with assistance of grants from the 
Inter-Governmental Commission of UNESCO 
(IOC) and the United Nations Food and Agricul- 
ture Organisation (FAO). 

LITERATURE CITED 

BABU, K.S. AND BABU K.S. 1987. Recruitment 
patterns of penaeid prawn postlarvae into the 
Upputeru Estuary, India. 345-350. In M.F, 
Thompson, R. Sarojini, R. Nagabhushanam 

(eds) 8Biology of benthic marine organisms 
techniques and methods as applied to the Indian 

Ocean9. (A.A. Balkema: Rotterdam). Indian 
Edition Series 1,2. 

BAXTER, K.N. AND RENFRO, W.C. 1967. Sea- 
sonal occurrence and size distribution of postlar- 
val brown and white shrimp near Galveston, 
Texas, with notes on species identification. Fish- 
ery Bulletin of the United States 66: 149-158. 

CHANG CHENG, YE. 1984. The prawn (Penaeus 
orientalis Kishinouye) in Pohai Sea and their 
fishery. 49-60. In J.A. Gulland and B.J. 
Rothschild (eds) 8Penaeid shrimps 4 their bi- 
ology and management.9 (Fishing News Books 
Ltd: Farnham). 

COLES, R.G. AND GREENWOOD, J.G. 1983. Sea- 
sonal movement and size distribution of three 
commercially important Australian prawn spe- 
cies (Crustacea:Penaeidae) within an estuarine 



PENAEID PRAWN RECRUITMENT 

system, Australian Journal of Marine and Fresh- 
waler Research 34; 727-743, 

COOK, H.L, AND LINDNER, M.J. 1970. Synopsis 
of biological data on the brown shrimp Penaeus 
aztecus aztecus Ives 1891. FAO Fisheries Re- 
ports 57; 1471-1497, 

CROCOS, P.C. AND KERR. J.D. 1983. Maturation 
and spawning of the banana prawn Pernceus 
iere@ulensts de Man (Crustacea; Penuegidue) in 
the Gulf of Carpentaria, Australia. Journal of 
Experimental Marine Biology and Ecology 69: 

37-59, 
CROCOS, P.J. 1987. Reproductive dynamics of the 

grooved liger prawn Penaeus semisulcarus in the 
North-western Gulf of Carpentaria, Austtalia. 
Australian Journal of Murine and Freshwater 
Research 38: 79-90. 

DALL, W., HILL, B.J., ROTHLISBERG, P.C. AND 
STAPLES, D.J. 1990. 8The Biology of the 
Penaeidae9, Advances in Marine Biology, Vol 
27. (Academic Press: London). 489p. 

FORBES, A.T. AND BENFIELD, M.C. 1986. 
Penacid prawns in the St Lucia Lake System: 
Post larval recruitment ancl the bait fishery. 
South African Journal of Zoology 21. 224-228. 

GARCIA, S. 1977. Biologie et dynamique des popu- 
lations de crevettes roses, Penaeus duorarum 
notialis (Pérez-Farfante, n Cate d'Ivoire. 
Travaux et Documents. ORSTOM 79, 1-271, 

1985, Reproduction, stock assessment models and 
population parameters in exploited penueid 
shrimp populations. 139-158. In P.C. Rath- 
lisberg, B.J. Hill, D.J. Staples (eds) 8Second 
Australian national prawn seminar,9 NPS2, 
(Cleveland: Australia). 

1988, Tropical penaeid prawns, 219-249, In JA. 

Gulland (ed.) 8Fish population dynamics9, Seo- 
ond Edition, John Wiley and Sons Ltd: Chi- 
chester, U.K.) 

GLAISTER, J.P. 1978, Movement and growth of 
tagged school prawns, Metapenaeuy macleayi 
(Haswell) (Crustacea: Pengcidac), in the 
Clarence River region of northern New South 
Wales. Australian Journal of Marine and Fresh- 

water Research 29; 645-657. 
HALL, D.N.F, 1962. 8Observations on the taxonomy 

and biology of some Indo-West-Pacilic 
Penaeidae (Crustacea, Decapoda)9. Colonial Of- 
Tice, Fishery Publications No.17. (Her Majesty's 
Stationary Office: London). 229p, 

HUDINAGA, M. 1942. Reproduction, development 
and rearing of Penaeus japonicus Bate, Japanese 
Journal of Zoology 10; 305-393, 

KURUP, N.S. AND RAQ, P.V. 1975. Population 
characteristics and exploitation of the important 

marine prawns of Ambalapuzha, Kerala, Indian 
Journal of Fisheries 21: 183-210. 

KUTKUHN, IF. 1966. The role of estuaries in the 
development and perpetuation of commercial 
shrimp resources. American Fisheries Society. 
Special Publication 3; 16-36, 

LEE, T.Y, AND LEE, B.D. 1970, Ovarian cycle and 
oogenesis in Penaeus japonicus Bate. Publica- 
tions of the Haewundae Marine Laboratories a: 
45-52. 

LE.RESTE, L. 1971. Rhythme saisonnier de la repro- 
duction, migration et croissance des postlarves 
el des jeunes chez la crevette Penaeus indicus H, 
Milne Edwards de la baie d'Ambaro. Cate N.O, 
de Madagascar. Cahiers ORSTOM Séries 
Océanographique 9: 279-292, 

1978. Biologie d'une population de creveties, 
Penacus indicus H, Milne Edwards, sur la cite 
nord-ouest Madagascar, Travaux el Documenis. 
ORSTOM 99; 1-291, 

LE RESTE, L. AND MARCILLE, J. 1976. Biology 
of the shrimp Penaeus indicus H. Milne Edwards 
in Mudayuscar: growth, recruilment migrations, 
reproduction, mortality; A contribution to the 
study of an eutrophic tropical bay. Cahiers ORS- 
TOM Series Oceanographique 14: 109-127, 

LIU, J.¥. 1986, *Penueoid shrimps of the South China 
Sea9. (Agricultural Publishing House: Beijing), 
278p. [In Chinese]. 

LHOMME, F. AND GARCIA, S. 1984. Biologie et 
exploitation de la crevelle penaeide au Senegal. 
Hl-144. In JA. Gulland and BJ. Rothschild 
(eds) <Penaeid shrimp 4 theit biology and man- 

agement9. (Fishing News Books: Farnham, Eng~ 
land). 

LUCAS, C.. KIRK WOOD, G. AND SOMERS, I. 
1979, An assessment of the banana prawn 
Penaeus merguiensis in (he Gulf of Carpentaria, 
Australian Journal of Marine and Freshwater 
Research 30); 639-652, 

MATHEWS, C.P., AL-HOSSAINI, M., ABDUL 
GHAFFAR, A.R. AND AL-SHOUSANI M. 
1987. Assessment of short-lived stocks with 
special reference to Kuwait's shrimp fisheries: a 
contrast of the results obtained from traditional 

and recent size-based techniques. 147-166. In 
D. Pauly und G.R, Morgan (eds) 8Length-based 
methods in fisheries research9 ICLARM Confer- 
ence Proceedings 13. 

MITO, S, 1972. Investigation on the pursuit of artifi- 
cially produced prawn larvae liberated into the 
sea. Proceedings of the Indo-Pacific Fisheries 
Council 13; 215-223, 

MOTOH, H. 1981. Studies on the fisheries biology of 
the giant prawns, Penaeus monodon in the Phil- 



ippines, Southeast Asian Fisheries Development 
Center Technical Report 7; 1-128. 

MUNRO, LS.R. 1975, Biology of ihe banana prawn 
(Penaeus merguiensis) in the south-east corner 
of the Gulfof Carpentaria. 60-78, In P.C. Young 
(ed,) 8First Australian national prawn seminar . 

(Australian Government Publishing Service: 
Canberra, Australia). 

PAULY, D., INGLES, J, AND NEAL, R. 1984. Ap- 
plication to shrimp stocks of objective methods 
for the estimation of growth, mortality and re- 
cruitment-related parameters from length- 
frequency data (ELEFAN | and ELEFAN II). 
220-234. In J.A. Gulland and B,J, Rothschild 
(eds) 8Penaeid shrimps 4 their biology and 
management.9 (Fishing News Books: Farnham 
England), 

PENN, J.W. 1980. Spawning and fecundity of the 
western king prawn, Penaeus latisulcatus Kish> 
inouye, in Western Australian waters. Australian 
Journal of Marine and Freshwater Research 31: 
21-35, 

PENN, J.W. AND CAPUTI, N. 1985. Stock recruit- 

ment relationships for the tiger prawn, Penaeus 
esculentus, tishery in Exmouth Gulf, Western 
Australia, and their implications for manage- 
ment. 165-173. In P.C. Rothlisberg, BJ. Hill, 
and DJ. Staples (eds) 8Second Australian 
nstional prawn seminar9 NPS2_ (Cleveland: 
Australia), 

PEREZ, A.R., PUGA, R. AND RODRIGUES, J, 
1984a. The stock assessment and management 
of Cuban shrimp stacks. 48-119, In C.P, Mat- 
thews (ed.) 8Proceedings of (he shrimp and fin 
fisheries management workshop9 Vol, |, KISR 
1366/MB-48. (Kuwait Institute for Scientific 
Research: Kuwait), 

PEREZ, A.R., PUGA, R, AND VENTA, G. 1984b 
Studies on the recruitment and stock recruitment 
relations in the Cuban Shrimp population. 163- 
206, In C.P. Mathews (ed.) 8Proceedings of the 
shrimp and fin fish fisheries management work- 
shop9, Vol 1, KISR 1366/MB-14. (Kuwait Insti- 
tute for Scientific Research; Kuwait). 

PEREZ FARFANTE, I. 1969. Western Atlantic 
shrimps of the genus Penaeus, Fishery Bulletin 
of the United States 67: 461-591. 

PYEN, C.K. 1974, Studies on the spawning seuson of 

Penaeus japonicus Bate in the Geaje Do area, 
Bulletin of the Fisheries Research Development 
Agency, Pusan 13: 39-36. 

ROTHLISBERG, P.C.. CHURCH, J.A. AND 
FORBES, A.M.G. 1983. Modelling the advec- 

MEMOIRS OF THE QUEENSLAND MUSEUM 

tion of vertically migrating shrimp larvae. Jour 
nal of Marine Research 41: 511-538, 

ROTHLISBERG, P.C., STAPLES, D.J. AND CRO- 
COS, PJ. 1985, A review of the life history of 
the banana prawn, Penaeus merguiensis in the 
Gulf of Carpentaria, 125-136. In P.C, Roth- 
lisberg, B.J, Hill and DJ. Staples (eds) 8Second 
Australian national prawn seminar9, NPS2, 
(Cleveland: Australia). 

RUELLO, N.V. 1975. Geographical distribution, 
growth and breeding migration of the eastern 
Australian king prawn Penaeus plebejus. 
Australian Journal of Marine and Freshwater 
Research 26: 343-354. 

SOMERS, LF. 1987. Sediment type as a factor in the 
distribution of the commercial prawn species of 
the western Gulf of Carpentaria. Australian Jour- 
nalof Marine and Freshwater Research 38: 133- 
149, 

STAPLES, DJ, 1979. Seasonal migration patterns of 
postlarval and juvenile banana prawns, Penaeus 
merguiensis dé Man, in the major rivers of the 
Gulf of Carpentaria. Australian Journal of 
Marine and Freshwater Research 31; 635-652, 

STAPLES, DJ. AND ROTHLISBERG, P,C. 1990, 
Recruitment of penseid prawns in the Indo-west 
Pacific. 847-850. In R. Hirano, and H, Isao (eds) 
8The Proceedings of the second Asian lisheries 
forum.9 Asian Fisheries Society, Tokyo, Japan. 
(The Asian Fisheries Society: Manila, Philip- 
pines). 

STAPLES, D.J, AND VANCE, D.J. 1986. Emigration 
of juvenile banana prawns Penaeus merguiensts 

from mangrove estuary and recruitment to 
offshore areas in the wet-dry tropics of the Gull 
of Carpentaria, Australia, Marine Ecology Pro- 
gress Series 27; 239-252. 

TEMPLE, R.F. AND FISCHER, C.C. 1967. Seasonal 
distribution and relative abundance of 
planktonic-stage shrimp (Penacus spp.) in the 
northwestern Gulf of Mexico, 1961. Fishery 
Bulletin of the United States 60; 323-334. 

TOM. M. AND LEWINSOHN, C, 1983. Aspects of 
the benthic life cycle of Penaeus (melicertus) 

Japonicus Bate (Crustacea Decapoda) along the 
southeastern coast of the Mediterranean. Fisher- 
ies Research 2: 89-101. 

VANCE, D.J.. HAYWOOD, M.D.E. AND 
STAPLES, DJ, 1990. Use of a mangrove estu- 
ary aS a nursery area by postlarval and juvenile 
banana prawns, Peneaus merguiensis de Man, in 
northern Australia, Estuarine, Coastal and Shelf 
Science 31; 689-701. 


